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NOVEL STABLE PARACETAMOL-BASED LIQUID FORMULATIONS 
AND A METHOD FOR PREPARING THE SAME 



FIELD OF THE INVENTION 

The present invention relates to novel stable, liquid, analgesic 
formulations, containing paracetamol as main active ingredient either in 
combination or not, with an analgesic derivative. 

DISCUSSION OF THE PRIOR ART 

It has been known for many years and notably from a paper of 
FAIRDROTHER J.E. entitled : Acetaminophen, published in Analytical Profiles 
of Drug Substances (19^4), volume 3, pp. 1 - 109. that paracetamol in the 
presence of moisture, and all the more in aqueous solution, may be hydrolyscd 
to yield p-aminophenol, which compound may itself be broken down into 
quinonenmine. The rate of decomposition of paracetamol is enhanced as the 
temperature is increased and upon exposure to light 

In addition, the instability of paracetamol in aqueous solution as a 
function ot the solution's pH has been extensively described. Thus, according 
to a paper entitled "Stability of aqueous solutions of N-acctyl-p-aminophcnor 
(KOSHY KT: and U\CH J.I.J. Pharm. Set . 50 (1961), pp. 113 - 118), 
paracetamol in aqueous solution is unstable, a fact which primarily correlates 
with hydrolysis both in acidic and basic environment. This breakdown process 
is minimal at a pH close to 6, the half-life of the product thus degraded namely 
being as high as 21.8 years at 25°c. 

According to Arrhenius law and knowing the specific reaction constant 
as determined by these authors, the time needed to observe a 5% decrease in 
paracetamol concentration of an aqueous solution stored at 25°C at the 
optimal pH has been predicted to be 19 months. Besides hydrolysis, the 
paracetamol molecule separately undergoes another kind of decomposition 
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that involves formation of a quinone-imine that may readily polymerize with 
generation of nitrogen-containing polymers. 

These polymers and in particular those stemming from N-acetyl-p- 
benzoqillnone-imine have been further described as being the toxic metabolite 

5 of paracetamol, which is endowed notably with cytotoxic and hemolytic effect 
The decomposition of this metabolite in aqueous medium is still more complex 
and gives rise to p-benzoquinone and hydroquinone (D. DAHLIN, J. Med. 
Chem.. 25 (1982), 885 - 886). 

In the current state of the art and in view of ' the quality control 

10 requirements specific to pharmaceutical practice regulations, the stability of 
paracetamol in aqueous solutions is thus insufficient and does not allow the 
formulation of liquid pharmaceutical compositions for injection. As a result, the 
successful preparation of liquid phamaceutical formulations for parenteral 
adminisb alion, based on paracetamol, has not been achieved. 

15 A number of trials has been undertaken to slow down the 

decomposition or paracetamol in aqueous solution. Thus, in a paper entitled ; 
Stabilization by ethylenediamine tetraacetic acid of amide and other groups in 
drug compound, (FOGG Q.G. and SUMMAN, A.M., J. Clin, Pharm . Ther , 17 : 
(1992), 107 - 109), it is stated that a 0.1% aqueous solution of paracetamol has 

20 a p-aminophen content resulting from hydrolysis of paracetamol, approximating 
19,8% of the initial concentration of paracetamol, as observed after storage in 
the dark during 120 days. Addition of EDTA at a rate de 0.0075% brings down 
the decomposition rate to 7%. On the other hand, distilling an alkaline solution 
of paracetamol results in an ammonia concentration of 14%, in presence or not 

25 of 1000 ppm of ascorbic acid. Owing to its properties, ascorbic acid is Indeed 
quite adapted to such stabilization. However, upon exposure to bright light, a 
paracetamol solution containing 1000 ppm of ascorbic acid does after all 
generate ammonia with a yield of 98%. In contrast, addition of EDTA 
(0.0075%) to such a solution njts down decomposition rate, with an ammonia 

30 yield not higher than 14%. 
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Despite of such efforts, it has not been possible to prepare aqueous 
liquid solutions of paracetamol, In particular solutions for injection, having a 
guaranteed stability. 

SUMMARY OF THE INVENTION 

The present invention is aimed at solving the above stated problem in 
an appropriate manner. It is directed to stable pharmaceutical compositions of 
paracetamol in an aqueous solvent having added thereto a free radical 
antagonist. The aqueous solvent may be water or else aqueous mixtures 
containing water and a polyhydric compound such as polyethylene-glycol 
(PEG) 300, 400, 1000, 1540, 4000 or 8000, propylene glycol or tetraglycol. A 
water-soluble alcanol such as for example ethanol may also be used. 

DETAILED DESCRIPTION OF THE INVENTION 

Stability of the aqueous solutions mentioned above does not solely 
depend on the choice of a given carrier. It also depends on other variables, 
such as careful adjustment of pH, removal of oxygen dissolved in the carrier 
and addition of a free radical antagonist or a free radical scavenger. 

Removal of dissolved oxygen is readily accomplished by bubbling an 
inert gas and preferably by bubbling nitrogen. 

The appropriate free radical antagonist is chosen among the derivatives 
of ascorbic acid, those derivatives bearing at least a thiol functional group and 
straight chain or cyclic polyhydric compounds. 

Preferred ascorbic acid derivatives are D- or L-ascorbic acid, an alkali 
metal ascorbate, an alkaline earth metal ascorbate or even still an aqueous 
medium-soluble ascorbic acid ester. 

Free radical scavengers, bearing a thiol functional group may be an 
organic compound substituted by one or more thiol functional groups, of the 
aliphatic series such as cystein, acetylcystein, thioglycollic acid and salts 
thereof, thiolactlc acid and salts thereof, dlthlothreltol, reduced glutathlon. 
thiourea, thioglycerol, methionine and mercaptoethane sulfonic acid. 
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The polyol used as a free radical scavenger is preferably a straight 
chain or a cyclic, polyhydroxy alcohol such as mannitol, sorbitol, inositol, 
isosorbide, glycerol, glucose and propylene-glycols. 

Among free radical scavengers required poui stabilizing paracetamol, 
the ascorbic acid derivative currently preferred is sodium ascorbate. Preferred 
thiol functional group substltued derivatives are cystein, reduced-slate 
glutathion, N-acetylcystein and mercaptoethane sulfonic acid. 

It may appear as convenient tu combine several free radical 
scavengers ae far as they are water-soluble and mutually compatible. 
Especially convenient free radical scavengers aie mannitol, glucose, sorbitol 
or even glycerol. These may be readily combined. 

It may appear as convenient to add tu the preparation one or a number 
of complexing agents to improve stability of the molecule since the active 
Ingredient Is sensitive to the presence of trace metals lhal eventually speed up 
its decay. 

Complexing agents are exemplified by nitrilotriacetic acid, ethylene 
diamino tetraacetic acid, ethylene diamino N, N-diacetic-N, N'-dipropionic 
acid, ethylene diamino tebaphosphonic acid, 2, 2'-(ethylene diamino)dibutyric 
acid, or ethylene-glycol bis(diaminoethyl ether) N, N, N\ N'-tetraacetic acid and 
sodium or calcium salts thereof. 

The complexing agent also acts to complex bivalent ions (copper, zinc, 
cadmium) that may be present and that have a negative influence of the aging 
of the formulation throughout storage. 

The gas that is bubbled into the solution to drive out oxygen, may be 
nitrogen or carbon dioxide or still an inert gas. Nitrogen is favoured. 

Isutonicity of the prepaialiun may be achieved by adding an appropriate 
quantity of sodium chloride, glucose, levulose or postassium chloride, or 
calcium chloride, or calcium gluconoglucoheptonate, or mixtures thereof. The 
preferred isotonizing agent is sodium chloride. 

The buffer used is a buffer compatible with parenteral administration in 
humans, the pH of which may be adjusted between 4 and 8. Preferred buffers 
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are based on alkali metal ou alkaline earth metal acetates or phosphates, a 
more preferred buffer is sodium acetate/hydrogeno phosphate adjusted to the 
required pH with hydrochloric acid or sodium hydroxide. I he concentration nf 
such a buffer may be comprised betwenn 0,1 and 10 mg/ml. The preferred 
concentration is confined in the range ot 0.25 to b mg/ml. 

On the other hand, preparations for injection have to be 3terile and 
should lend themselves to heat treatment sterilization. It is known that in 
certain conditions, antioxidants such as glutathion are broken down [FIALAIRC 
A. et aL J. Pharm. Biomed. AnaL vol. 1U, l\T 6, pp. 4b/- - 460 (1992)]. The 
breakdown of reduced glutathion during heat treatment sterilization ranges 
from 40 to 77% depending on the selected temperature conditions. During such 
sterilization procedures, it is convenient to employ means capable of 
preserving the integrity of these antioxidants. Addition of complexing agents to 
aqueous solutions inhibits thermal decomposition of thiol derivatives, such as 
glutathion. 

Liquid pharmaceutical compositions according to the invention are 
preferably compositions Intended for Injection. The paracetamol content of the 
solution may range from 2 mg/ml to 50 mg/ml in case of so called dilute 
solutions, i.e. that can be directly infused by Intravenous route and from 60 
mg/ml to 350 mg/ml where so-called concentrated solutions are considered, 
i.e. either intended for direct injection by Intravelnous or intramuscular route, or 
intended to be diluted prior to slow infusion administration. The preferred 
concentrations are comprised between 5 and 20 mg/ml for dilute solutions and 
between 100 and 250 mg/ml for concentrated solutions. 

Pharmaceutical compositions according to the invention may flirther 
contain another active ingredient that enhances the specific effet of 
paracetamol. 

In particular, the pharmaceutical compositions according to the 
invention may contain a CNS-acliny analgesic such as for example a morphinic 
analgesic. 
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The morphinic analgesic is selected among the morphinic derivatives of 
natural semi-synthetic or synthetic origin and pi pyridine derivatives selected 
from the following list, which is no way intended to be exhaustive : 
buprenorphlne, clramadof, codeine, dextromoramide, dextropropoxyphene, 
5 hydrocodone, hydromorphone, ketobemidone, levomethadone, levorphanol, 
meptazlnol, methadone, morphine, nalbuphine, nicomorphine, dizocine, 
diamorphine, dihydrocodeine, dipipanone, methorphane, dextromethorphane. 

Preferred morphinic derivatives are cudeirre sulfate or morphine 
hydrochloride. 

io The codeine or codeine derivative concentration, expressed in terms of 

codeine base, is comprised between 0.2% and 25% in relation to the 
paracetamol content. The preferred codeine derivative is codeine sulfate. The 
concentration thereof is set between 0.5 and 15% in relation to the 
paracetamol content 

is The morphine or morphine derivative concentration, expressed in terms 

of morphine base, is comprised between 0.05 and 5% in relation to the 
paracetamol content. The preferred morphine derivative is morphine 
hydrochloride the concentration of which is preferably set between 0.5 and 
15% in relation to paracetamol content. 

2u The compositions according to the invention may further have added 

thereto an anti-inflammatory agent such as of the of AINS type and in particular 
a phenylacetic add compound. Such agents are exemplified by ketoprofen, 
flurbiprofen, tiaprofenic acid, niflumic acid, diclofenac or naproxen. 

Compositions according to the invention may in addition incorporate an 

25 antiemetic either a CNS-acting neuroleptic such as haloperidol or 
chlorpromazine or metopimazine or of the gastrokinetic-mediated type such as 
metochlopramide or domperidone or even a serotoninergic agent. 

Compositions in accordance with the invention may further incorporate 
an anti-epileptic drug such as sodium valproate, clonazepam, carhamazepine 

30 orphenytoin. 
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it may also be possible to combine paracetamol with a corticosteroid 
such as for example prednisone, prednisolone, methyl prednisone, 
dexamethasone. betametasone or an ester thereof. 

Paracetamol can further be combined with a tricyclic antidepressant 
such as amitriptiline. imipramine. clomipramine. 

Anti-inflammatory agents may be included in concentrations ranging 
from 0.100 g to 0.500 g per 1000 ml of formulated product 

In case of concentrated solutions t^xcess 

The water content expressed in percentage Is preferably ln.exees-of 5% 
of the total volume and more preferably comprised between 10 and 65%. 

The quantity of propylene glycol formulated in percentage is preferably 
in excess of 5% and more preferably comprised between 20 and 50%. 

The PEG used Is preferably PEG 300. PEG 400. PEG 1000. Peg 1540 
or PEG 4000. Concentrations used are comprised between 10 and 60% in 
weight. PEG 300 and PEG 400 are further preferred. Preferred concentrations 
range from 20 to 60%. 

Ethanol concentrations range from 0 to 30% of total volume and 
preferably range from 0 to 20%. 

Tetraglycol concentrations used do not exceed 15% to allow for 
maximal quantities that can daily be received by parenteral administration viz. 
0.7 ml/kg of body weight. 

Glycerol concentration varies from 0.5 to 5% as a function of the 
viscosity of the medium suitable for use depending on the administration r oute. 

In case of dilute solutions 

The quantity of water used given in percentage is preferably in excess 
of 20% of the total volume and preferably is comprised between 25 and 100%. 

The quantity of propylene-glycol employed given in percentage is 
preferably comprised between 0 and 10%. 

The PEG used is preferably PEG 300, PEG 400, or PEG 4000 with 
PEG 4000 being most preferred. Preferred concentrations range from 0 to 
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10%. Tetraglycol concentrations used do not exceed 5%. In preference, they 
are comprised between 0 and 4% 

The ascorbic acid or ascorbic acid derivative concentration which is 
used, is preferably more than 0.05 mg/ml and more desirably, comprised 
3 between 0.15 mg/ml and 5 mg/ml. Higher quantities may indeed be used, 
without exceeding the solubility limits Higher asnnrhin add or ascorbic acid 
derivative concentration are administered to human beings for prophylactic or 
therapeutic purposes. 

Thiol derivative concentration is comprised between 0.001% and 30% 
io and more desirably, comprised between 0 005% and 0.5% for dilute solutions, 
and between 0.1% and 20% for concentrated solutions. 

The pH ot the solution is desirably adjusted taking into consideration 
the optimal stability of paracetamol in aqueous solution, i.e. at a pH around 
6,0. 

13 The thus prepared composition may be packaged in glass sealed vials, 

or in stoppered glass vials or in bottles made ot a polymer material such as 
polyethylene, or in soft material bag3 made from polyethytene i polyvinyl 
chloride or polypropylene. 

The composition may be sterilized by heat treatment, for example at 
20 121°C during 20 minutes or else by sterile filtration. 

Currently preferred compositions in accordance with the invention have 
the following ingredients : 

Concentrated solutions 



4 
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Ingredient 


injection solution or 
paracetamol alone 
(per ml) 


Injection solution ot paracetamol 
associated to a morphinic compound 
(per ml) 




IllUlfJJllllO 


paracetamol 


0.160 g 


0.1 GO g 


0.100 g 


codern sulfate.3H20 




U.U035 g 




Morphine 

hydrochloride.3HsO 






0.00037 


Propylene glycol 


U.27U ml 


0.270 ml 


0.270 / ml 


r-N i — Ann 

PEG 400 


ft _i 

O.ooO ml 


0.360 ml 


0.360 ml 


0#-»Hli im Qf^ctaf o 
oUUIUIll a^cicti^ 


n nn9 n r 


0.002 g 


0.002 g 


Reduced glirtathion 


0.UU2 g 


U.UUZ .q 


0.002 fl 


Hydrochlprir. aniri 
1 N 


qs pHfiO* 


q.s. pH 6 0* 


q.s. pH 6.0* 


Water for injection 


q.s. 1000 ml 


q.s. 1000 ml 


q.o. 1000 ml 


Niliuyen 


q.s.f. bubbling 


q.s.f. bubbling 


q.s.f. bubbling 



* The pH specified above is the actual pH that has been measured by a 
pH-meter after obtaining a 5 fold dilution of the solution with distilled water. It 
will be noted that the apparent pH of the pure solution is different. 

Using this solution composed of. a solvent mixture constituted by 30% 
of propylene-glycol, by 40% of polycthylcnc-glycol 400 and by 30% of water 
(solution n" 2U), it is possible to dissolve about 200 mg/ml of paracetamol at 
20°C. Choosing a concentration of 160 mg/ml allows one to be sure that no 
recristallization will occur, notably at low temperatures. In such situations, a 
volume of 6,25 ml of said solution contains 1000 mg of paracetamol. 



Dilute solutions 
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Injection solution solution of paracetamol a 
ot paracetamol to codein (per ml) 
alone (per ml) 



Ingredient 


Injection solution 
ot paracetamol 
alone (per ml) 


solution of paracetamol associated 
to codein (per ml) 


Such morphinic 
compound is 
codein 


Such morphinic 
compound is 
morphine 


paracetamol 


0.0125 g 


0/125 g 


0.125 g 


codein su!fate.3H 2 0 




0.00018 g 




Morphine 

hydrochloride.3hbO 


0.025 g 




0.000010 g 


Mannitol 


0.025 g 


0.025 g 


Sodium hydrogen 
phosphate dihydrate 


0.0025 g 


0.00025 g 


0.00025 g 


Sodium chloride 


0.002 g 


0.002 g 


0.002 g 


Disodium ethylene 
diamino tetraacetate 


0.0001 g 


0.0001 q 


o.oooi g 


Hydrochloric acid or 
sodium hydroxide 


q.s. pH 6.5 


q.s. pH 5.5 


q.s. pll 5.5 
q.s. f. 1000 ml 


Water for injection 


q.s.f. 1 000 ml 


q.s. f. 1000 ml 


Nitrogen 


q.s. f. bubbling 


q.s. f. bubbling 


q.s. f. bubbling 



The compositions according to the invention find therapeutic 
applications as pain relief drugs'. For moderate pain, the solutions merely 
contain paracetamol. For acute pain, the solutions further contain a morphinic 
s analgesic. Furthermore, the paracetamol solutions exert antipyretic activity. 

The following examples are given by way of illustration and not by 
limitation. 



10 



EXAMPLE I 

Determination of the uptimal solvent mixture 
1.1 Concentrated solutions 
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Increasing quantities of paracetamol were introduced in the solvent 
mixtures. The dissolution rate of paracetamol increases with rise in 
temperature, so that the solubility tests in the individual media were am by 
heating the solvent mixture to 60°C/^^^issolution was judged complete, 
the solutions were stored for 72 hours either at 25°C or 4°C. 

The solubility values are listed in the following table : 



Test 


WaLer 


Propylene- 


PEG 400 


Etlianol 


Telraglycol 


Solubility 


Solubility 


rT 


(ml) 


glycol (ml) 


(ml) 




(ml) 


at +4*C 


at +25°C 














(mg/ml) 


(mg/ml) 


1 


0.3 


0.4 


0.3 






110 


130 


2 


0.4 


0.3 


0.3 






110 


130 


3 


0.16 


0.3 


0.4 




0.15 


190 


230 


4 


0.5 




0.5 


_ 


_ 


110 


150 


5 


0.4 


0.3 


0.2 


0.1 


_ 


< 110 


120 


6 


0.5 


0.3 


0.1 


0.1 




<100 


130 


7 


0.4 


0.4 


0.1 


0.1 




< 100 


150 


8 


0.6 


0.3 


0.2 






<100 


120 


g 


0.G 


0.3 


0.2 






< 100 


<100 


10 


0.5 


0.4 


0.1 


- 


- 


< 100 


<100 


11 


0.55 


0.3 


0.05 


0.1 




< 100 


<100 


1? 


H45 


04 


0.05 


0.1 




< 100 


120 


13 


0.65 


0.3 


0.05 






< 100 


< 100 


14 


0.55 


0.3 


0.05 






<100 


<100 


15 


0.4 


0.4 


°-2 






<100 


<150 


16 


U.45 


0.45 


0.1 






< 100 


< 110 


17 


0.4 


0.2 


0.4 






inn 


200 


18 


0.5 


0.2 


0.3 






160 


160 


19 


0.5 


0.1 


0.3 






100 


190 


20 


0.3 


0.3 


0.4 






190 


200 


21 


U.3 


0.2 


0.35 




0.15 


160 


210 


22 


0.25 


0.25 


0.35 




0.15 


170 


220 
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The solubility values of the solvent mixtures do not increase in a 
consistent manner with increasing temperature. Solubility is not enhanced if 
ethanol is added. 

In addition, due to over saturation phenomena which are observed in 
such solutions, notably in media containing PEG. a delayed recnstallization 
was noted subsequent to cooling. In these conditions, the solutions under study 
were kept for 14 days at 20°C, then there was added, to the solutions 
displaying no cristals following this time interval, a paracetamol germ cristal in 
order to elicit cristallization of potentially oversaturated solutions, hinally. it was 
found that solutions n° 20 and n n 3 have the highest solubility with respect to 
paracetamol, which threshold was comprised between 160 mg/ml and 170 
mg/ml depending on temperature. 

1.2 Dilute solutions 

Paracetamol in quantities well exceeding the solubility threshold was 
introduced in the solvent mixtures previously warmed to 30 C C. After stirring and 
cooling at 20 D C, the solutions were filtered The paracetamol content of these 
solutions was determined by reading the absorbance at 240 nm of a 1:200 
dilution of the filtrate. 

The results are recorded in the following tables. 
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Type of solution (unless otherwise stated, the main 
solvent is distilled water) 


concentration of 
paracetamol (mg/50 ml) 


Water 


720 
710" ' 


5% Glucose 


4.82% levulose 


730 


7% mannitoi 


680 


5% sorbitol 


685 


U.9% sodium chloride 


615 


10% Calcium gluconoglucoheptonate 


670 


Lestradet's solution (5% glucose, 0.2% sodium 
chloride, 0,15% potassium chloride, 1.1% calcium 
gluconogiucoheptonate) 


730 


Ringer's solution (0.7% sodium chloride, 0.1% 
potassium chloride, 0.1% sodium chloride) 


730 


Ringer's solution- Phosphate (0,7% sodium 
chloride, 0.182% monopotassium phosphate, 
0.182% calcium chloride) 


710 


Ringer's solution-acetate (0.7% sodium chloride, 
0.131% potassium acetate. 0.013% calcium 
chloride) 


715 


Urea 0.3 M 


725 



Type of solution ( the following 
solutions were prepared in Ringer's 
solution) 


concentration of paracetamol 
(mg/50 ml) 


Pure Ringer's solution 


735 


4.0% PEG 4000 + 1 .0% propylene- 
glycol + 0.5% cthanol 


90fi 


4.0% PEG 4000 + 1.0% propylene- 
glycol + 1.0% ethanol 


905 


4.0% PEG 4000 i 1.0% propylene- 
glycol +2.0% ethanol 


930 
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Type of solution ( tine following solutions were 
prepared in 0.9% sodium chloride solution) 


concentration of paracetamol 
(mg/50 ml) 


0.0% sodium chloride 


615 


+ 0.6% tetraglycol 


640 


+ 1 .2% tetraglycol 


680 


+ 3.0% tetiaglycol 


720 


1.0% PF.G 4000 


t>30 


"1.0% PEC 4000 + 0.6% tetraglycol 


660 


1 .0% PEG 4000 + 1 .2% tetraglycol 


710 


3.0% PEG 4000 + 2.0% tetraglycol 


950 



Paracetamol solubility is increased by the presence of PEG. 

Solubilities of paraceLamol in mixtures of PEG 4000 and 0.9% sodium 
chloride solutions were determined in distilled water, at concentrations ranging 
from 0 to 7%, as a function of temperature. 

The results are given in the following table : 





Solvent volume (ml) required to 
dissolve 1000 mg of paracetamol as 
a function of temperature 


PEG 4000 concentration (%/vol.) 
in 0.9% sodium chloride solution 


4°C 


!7°C 


22X 


30 C C 


42°C 


0% 


130 


92 


80 


65 


42 
47 


1% 


gg 


78 


67 


63 


2% 


91 


72 


63 


59 


45 


3% 


80 


64 


56 


54 


41 


4% 


82 


62 


57 


49 


36 


5% 


79 


59 


51 


46 


34 


7% 


78 


61 


48 


A2 


30 
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4.1 Concentrated solution 





Quantity 


Ingredient 


Solution without nitrogen 
bubbling 


solution subjected to 
nitrogen bubbling 


Paracetamol 


0.160 g 


0.160 g 


Propylenfi-glynnl 


0 770 ml 


0.270 ml 


PEG 400 


0.360 ml 


0.360 ml 


Sodium hydroxide 
or HCI 1N 


q.s. pH 6.0 


q.s. pH 6.0 . 


Nitrogen 


none 


q.s. f. purging and filling 


Water for injection 


q_s_f. 1000 ml 


q.s- f. 1000 ml 



Solution 20 containing paracetamol in a quantity of 160 mg/ml r adjusted 
to pH G,0 by sodium hydroxide or hydrochloric acid 1 N, was either subjected 
or not subjected to nitrogen gas bubbling. Tightly stoppered and capped vials 
packed by dispensing 10 ml of such solutions under nitrogen atmosphere or 
air, were sterilized by autoclaving at 121 U G during 20 minutes. I he percentage 
of secondary peaks was then measured by liquid chromatography with respect 
to the main peak ot paracetamol, as well as was the pink color strength by 
reading the solution absorbance by absorption spectrophotometry at peak 
absorbance wavelength, that is bOO nm. 



Kesults 



Solution tested 


Secondary peaks in % of 
main peak of paracetamol 


absorbance of the 
solution at 500 nm 


Autoclaved solution 
packed without nitrogen 


0.054 


0.08 


Autoclaved solution 
packed under nitrogen 


0.036 


0.03 
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It is therefore seen that the difference in color of the solution packed 
under nitrogen is very striking 

In order to check if 0% and 1% PEG-paracetamol solutions remain 
clear under cold storage, the following solutions were prepared : 



Ingredient 


Solution without 
PEC 


Solution with PbG 
added 


Paracetamol 


ig 


ig 


PEG 4000 




1 g 


0.9% Sodium chloride solution 
in water for injection 


q.s. 125 ml 

f" 


q.s. 100 ml 



After storage of these solutions at 4 U C during 10 days, none of the vials 
tested showed cristallization. Presence of PEC is therefore not mandatory if 
the solutions are to remain dear throughout the time interval studied. 

EXAMPLE II 

TESTS CONDUCTED FOR CHARACTERIZING PARACETAMOL 
BREAKDOWN IN SOLUTION 

2.1 Demonstrating paracetamol instability in solution 
A paracetamol solution in water or in solution n° 20 shows rapidly a 
pink color upon exposure to light or storage at hrgh temperature. At 5Q°C, color 
development occurs in 2 weaks time. Appearance of such color tinge 
correlates with an increase in solution absorbance at a peak absorbance 
wavelength of 500 nm. According to the paper of Fairbrother mentioned above, 
exposure of paracetamol tn moisture can result in hydrolysis with formation of 
para-aminophenol, followed by oxydation, with appearance of a pink color, 
typical of the production of quinoneimine. 



2.2 Identifying the hreakdown products ot paracetamol 
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In aqueous or partially aqueou9 solutions, p-aminophenol is not 
detected during storage. Rapid production of colored products having a pink 
tinge is noted, the reaction rate being a function of temperature and light In 
course of time, such derivatives are increasingly dark and evolutes to brown 
color. 

All occurs as if, in contrast to what has been reported in the litterature. 
the breakdown of paracetamol first involves an oxydative process followed by 
hydrolysis. According to this theory, paracetamol may react with an oxidant 
present in solution, for example oxygen dissolved in the aqueous layer. This 
mechanism may involve the production of free radicals resulting in molecular 
coupling, a fact that may account for the production of colored derivatives 
evoluting in color from pink to brown. 

2.3 Tests for demonstrating inhibition of free radical production 
A typical reaction involving the production of free radicals involves 
adding a 30% aqueous solution of hydrogen peroxide and a copper 
pentahydrate solution at a concentration of 62.5 mg/ml, to a 1.25% aqueous 
solution of paracetamol. In a matter of minutes, there develops a color reaction 
resulting in a color shift from yellow to dark brown. The color intensity observed 
decreases if free radical scavengers or glycerol are prior added to the 
paracetamol solution. Color intensity is a function of type of the type of free 
radical scavenger added, in the fallowing decreasing order as judged by color 
intensity : 

Paracetamol alone > paracetamol + N-acetylcysteln > paracetamol + 
cystein > paracetamol + sorbitol > paracetamol + mannitol > paracetamol + 
glycerol. 

EXAMPLE 111 

Stabilizing paracetamol solution by selecting the pH that allows 
maximal stability 

3.1 Concentrated solution 
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Solution tested 



Ingredient 


Quantity 


Paracetamol 


0.160 g 


Propylene-glycol 


0.270 ml 


PEG 400 


0.360 ml 


Sodium hydroxide 1N 

or I lydrochloric acid 1 N q.s.f. 


pH 7.0 - 8.0 - 9.0 - y.5 - 10.0 corresponding to 
actual pH : pH 5.8 - 6.7 - 7.1 - 7.5 - 8.0 - 8.5 


Nitrogen q.s.f 


purging and filling 


Water for injection 


q.a, 1000 ml 



Solution 20 containing paracetamol in a concentration of 160 mg/ml 
was adjusted tn different pH's : the apparent pH is given in comparison to 
actual pH (between parenthesis) after a 5 fold-dilution : 7,0 (5,8) 8,0 (8,7) - 
8.5 (7.1) - 9 0 (7,5) - 9,5 (8.0) - 10. u (8.5) using a sodium hydroxide or normal 
hydrochloric acid solution. Vials that had been filled under nitrogen atmosphere 
hy dispensing 10 ml ot such solutions, tightly stoppered and capped, were 
sterilized by autoclaving at 121°C for 20 minutes, and then in every case 
exposed, either to a temperature of 105°C in the dark for 72 hours, or to a 
radiation of an actinic light at 5000°K and 25°C during 264 hours. 

Results 

After autoclaving. only the solution adjusted to pH 10 shows a pink 
tinge. After storage at 105°C for 72 hours, absorbance at 500 nm as well as 
the concencentratjon of breakdown products of paracetamol were minimal in 
the pH range from 7,5 to 9.5. Upon storage in the presence of light, the color 
strength is enhanced as the ph is increased. Color development is extremely 
weak at pH 7,0 (actual pH 5,8). Neither the paracetamol content, nor the 
beakdown products are affected by pH. 

3.2 Diluted solution 
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Solution tested 



Ingredient 


Quantity 


Paracetamol 


0.008 g 


Sodium chloride 


0.0067 g 


Disodium phosphate dihydrate 


0.0012 g 


5% Citric acid q.s.f. 


pH 5.0 - 6,0 - 7.0 


Nitrogen q.s.f. 


bubbling and filling 


Water for Injection 


q.s.f, 1000 ml 



The aqueous solution diluted and buffered having a paracetamol 
content of 8 mg/ml was adjusted to different pH values : pH 5,0 - 7,0 using a 
citric acid solution. 

Vials that had been packed under nitrogen atmosphere by dispensing 
10 ml of such solutions, were tightly stoppered and capped, sterilized by 
autoclaving at 121 °C for 20 minutes, and then in every case exposed to 70°C 
in the dark during 231 hours. 

Results 

Following autoclaving, only the solution adjusted to pH 7 shows a pink 
color. After storage 1 this same solution displays the brightest pink color. At pH 
6,0 and 5,0. the solutions are faintly colored. 

EXAMPLE IV 

Stabilization of paracetamol in solution by oxygen removal through 
nitrogen bubbling 

4.2 Diluted solution 
Solution Tested 
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Quantity 


Ingredient 


Solution without nitrogen 
bubbling 


solution subjected to 
nitrogen bubbling 


Paracetamol 


0.008 g 


0.008 g 


Sodium chloride 


0.008 g 


0.008 g 


Disodium phosphate 
dihydratc 


0.001 g 


0.001 g 


5% Citric acid 


q.s.f. pH 6.0 


q.s.f. pH 6,0, 


Nitrogen 


none 


q.s.f. purging and filling 


Waler for injection 


q.s.f. 1000 ml *' 


q.s.f. 1000 ml 



The diluted aqueous solution containing paracetamol is adjusted to pH 
6,0 by means of a citric add solution. 

Vials that had been filled under a nitrogen atmosphere by dispensing 
10 ml of such solutions, were tightly stoppered and capped and then stored 
inside an incubator at 98°C for 1 5 hours. 

The percentage of secondary peaks in relation to the main peak of 
paracetamol was measured by liquid chromatography, so was the pink color 
strength by reading the solution absorbance by absorbance spectrophotometry 
at a peak absorption wavelength, that is 500 nm. 

Results 



Solution tested 


Secondary peaks in % 
of paracetamol main 
peak 


Solution absorbance 
at 500 nm 


Solution packed without 
nitrogen atmosphere 


1.57 


0.03R 


Solution packed under 
nitrogen atmosphere 


0.44 


0.016 
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The pink color of the solution packed under nitrogen atmosphere is 
considerably fainter than that observed for the solution obtained after 
sterilization under nitrogen of the solution packed without nitrogen. 

EXAMPLE V 

Stabilizing solutions of paracetamol bv add ing free rad ical antagonists 
5.1 Concentrated solution 



Ingredient 


Quantity 


Paracetamol 


0.160 g 


Propylene-glycol 


0.270 ml 


PCG 400 


0.360 ml 


Hydrochloric acid 1N 
orNaOH 1N q.s.f. 


pH 6.0 


Free radical scavenger 
(see quantitative results) 


q.s.f. (see quantitative results) 


Nitrogen q.e.f. 


purging and filling 


Water for injection 


q.s.f. 1000 ml 



The solutions thus prepared are divided in 10 ml capacity vials, 
stoppered with a Bromobutyl stopper and capped with an aluminium cap. After 
autoclaving at 12TC for 20 minutes, the vials were stored for 48 hours, either 
in the presence of actinic light at 5500°K at room temperature or at 70°C in the 
dark. The prepaiation was examined for any change in color. 



Results 
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Free radical 


Concentration 


Appearance of the 


Appearance uf 


scavenger 




solution upon 


solution at 






exposure to light 


70 C C 






Color Intensity 


Color intensity 


No scavenger 


- 


pink (+) 


pink (++) 


Sodium disulfite 


0.295 mg/ml 


colorless 


colorless 


Sodium asnorbate 


1.0 mg/ml 


yellow (+) 


yellow (+) 


Reduced glutathion 


1 mg/ml 


colorless 


colorless 


Reduced glutathion 


8 mg/ml 


colorless 


colorless 


Cystein hydrochloride 


1 mg/ml 


cloudy 


cloudy 


a-monothioglycerol 
DithiothreRol 


1 mg/ml 


culurless 


colorless 


1 mg/ml 


colorless 


colorless 


Mannitol 


50 my/ml 


colorless 


colorless 



5.2 Dilute solution 
5 Solutiuns lesLed 

U - ; 



Ingredient 


Quantity 




Formulation A 


Formulation B 


Formulation C 


Paracetamol 


0.008 g 
0.008 g 


0.01 g 
0.008 g 


0.0125 g 
0.00486 g 


Sodium chloride 


Disodium phosphate dihydrate 
or sodium acetate 


0.001 g 


0.001 g 


0.00125 g 


Hydrochloric acid 


q.s. ph 6.0 


q.s. pH 6.0 


q.s. pH 5.5 


C.R.L 


q.s. (see quantitative results) 


Nitrogen q.s.f. 


purging and filling 


Water 


q.s.f. 1000 ml 



The solutions thus prepared were divided in 10 ml, 100 ml or 80 ml 
capacity vials, stoppered with a Bromobutyl stopper and capped with an 
to aluminium cap. The preparation was examined for any pink color development 
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After autoclaving at 121 8 C for 20 minutes, the vials were stored tor 48 
hours, either in the presence of actinic light at 5500°K at room temperature or 
at 70 9 C in the dark (formula A). 

After autoclaving at '124X for 7 minutes, the vials were stored for 43 
hours at room temperature in the dark (formulation B and C). The preparation 
was examined for any pink shift and Ihe paracetamol as well as CRL were 
measured where a thiol derivative was used. 

Results (CRL = free radical scavenger) 





C.R.L used 


Concentration 


Solution appeal auue 


Solution appearance 






upon exposure to light 


at 70°C 










color 


strength 




siren at h 








pink 


(+) 


pink 


r++) 


Pk . 


Thiourea 


^\ C n-t^i /«m| 

u.o rng/mi 






r/ilnrtQC5 




U l 


Drthiotnreitoi 


l mg/fiii 


colorless 




colorless 




l± = 


IJj~f\ Kit H Jl 1 HWLJiyi*d Ui 


1 ma/ml 


colorless 




colorless 




.£ 

"T" 


gluthathion 


1 mg/ml 


colorless 




colnrles* 






Sodium ascorbate 


0.2 mg/ml 


pink 


<+) 


pink 


(+) 






0.4 mg/ml 


colorless 




yellow 


(+) 


E 




0.6 mg/ml 


pink 




yellow 


( + ) 






1.0 mg/ml 


colorless 




yellow 


r+) 


-X. = 

: i=r 


Cystein 


0.05 mg/ml 


colorless 




colorless 






hydrochloride 
















0.1 mg/ml 


colorless 




colorless 








0.25 mg/ml 


colorless 




colorless 








U.b mg/ml 


colorless 




colorless 








n 75 mg/ml 


colorless 




colorless 








1 mg/ml 


colorless 




colorless 








2 mg/ml 


colorless 




colorless 








5 mg/ml 


.culuiless 




colorless 





10 



f- 
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C.R.L used 


Concentration 


Solution appearance 


Dosages (in % of 
theoretical value) 


color 


strength 


U.K.L. 




Cystein 

hydrochloride 

monohydratc 


n ? mg/ml 


colorless 




30% 


99.2% 


Cyslein 

hydrochloride 

monohydrate 


0.C mg/ml 


colorfe33 




QC0L 


QQ CO/ 


acetylrystfiin 


n O mn/ml 

u./i my/iTii 


colorless 




88% 


99.2% 


Mannitol 


20 mg/ml 


colorless 








Mannitol 


40 mg/ml 


colorless 








Mannitol 


50 mg/ml 


colorless 








Glucose 


5U mg/ml 


colorless 









|p EXAMPLE VI 

ift Stabilization of solutions of paracetamol containing a morphinic 

p s compound by addition of a free radical scavenger 
JiJ 6/1 Concentra ted solulion 

IH Solutions tested 



Ingredient 


Quantity 


Paracetamol 


0.160 g 


Codein phosphate 


0.008 g 


P ro py 1 e ne-g ly co 1 


0.270 ml 


PEG 400 


0.360 ml 


Hydrochloric acid 1 N q.s. 


q.s. pH 6.0 


Free radical scavenger 


q.s. (see quantitative results) 


Water for injection 


q.s.f. 1000 ml 



i 
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The solutions thus prepared were divided in 10 mi capacity vials, 
stoppered with a Bromo&utyl stopper and capped with a removable aluminium 
cap. After autoclaving at 121 6 C for 20 minutes, the vials were stored for 48 
hours either under actinic light at 5500 S K at room temperature, or at 70°C in 
the dark. The preparation was inspected for any change in color. 

Results 



Free radical 
scavenger 


Concentration 


Solution apperanc© 
upon exposure to light 


Solution apperance at 
70°C 






color 


strength 


color 


strength 


No tree radical 
scavenger 




pink 


( + ) 


pink 


(++) 


Sodium 
disulfite 


0.295 mg/ml 


yellow 


(+) 


yellow 


(++) 


Sodium 
ascorbaie 


1 .0 mg/ml 


yellow 


(++) 


yellow 


(+++) 


reduced 
glutathion 


! mg/ml 


yellow 


( + ) 


amber 
yellow 


(+++) 




8 mg/ml 


colorless 




yellow 


(++) 


16 mg/ml 


colorless 




yellow 


(+) 


Drthiothrcrtol 


1 mg/ml 


violet 
pink 


( +++) 


violet pink 


(++++) 


Sodium 
hypopnosphiie 


5 mg/ml 


pink 




pink 


( + +) 



6.2 Pilule solutions 
Solutions tested 



BIERMAN 
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Ingredient 


Quantity 


Paracetamol 


0.008 g- 


Codein phosphate 


0.0004 g 


Sodium chloride 


0.008 g 


Disodium phosphate dihydrate 


0.0015 g 


Hydrochloric acid 


q.s.f. pH 6.0 


Free radical scavenger 


q.s. (see results) 


Nitrogen q.s.f. 


purging and filling 


Water for injection 


q.s.f. 1CI00 ml 



The solutions thus prepared were divided in 10 ml rapacity vials, 
stoppered with a Bromobutyl stopper and capped with an aluminium cap. After 
autoclaving at 121 °C for 20 minutes, the vials were stored for 48 hours, either 
under actinic light at 55O0X at room temperature, or at 70°C in the dark. The 
preparation was examined for any change in color. 

Foi Ihe solution not containing any free radical scavenger and for the 
solution containing 0.5 mg/ml of cystein hydrochloride as free radical 
antagonist, paracetamol as well as codein are measured by high performance 
liquid chromatography, immediately after autoclaving, in comparison with 
identical solutions not subjected to autoclaving. 



Appearence scoring of the solutions 
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Free radical 


Concentration 


Solution appearance 


Solution appeaiance 




scavenger 




upon exposure to light 


Pit 70°C 










color 


strength 


/•»/■% |/\r 


cfrpnoth 




No free radical 




pink 


( + ) 


pink 


V W 




scavenge 














Sodium djsulfite 


ft 9Ct rru^i/ml 
\J.£vO liiy/ITil 


coloiless 




coioncoa 






Dithiothreitol 


C faMi 

o.q mg/mi 


colorless 




UU|U| leu 






Monothioglycerol 


u n mg/mi 


grey 




yrey 






Reduced 


2.U mg/mi 


colorless 










glutatnion 














N-acetylcystein 


<c,u my/mi 


grey r 


(+) 


grey 


(+) 
V I 




Cystein 


u.uo my/mi 


colorless 




pink 


M 




nyarocwonoe 












. F= 




n 1 mn /ml 


colorless 




colorless 








0.25 mg/ml 


colorless 




cnlnrlass 




=1 = 




0.5 mg/rnl 


colorless 




color! oss 








0.75 my/ml 


colorless 




colorless 




i 




l.u mg/rnl 


colorless 




colorless 








2.0 mg/ml 


colorless 




colorless 




\* H 




S.O mg/ml 


colorless 




cnlnriass 





Assay results of paracetamol and codein 



Solution tested 


Ingredient 
assayed 


non sterili7P-H 
solution 


after sterilization 


Solutions with no 
free radical 
scavenger added 


paracetamol 
codein 


0.0073 g/ml 
0.00043 g/ml 


0.0077 g/ml 
0.00042 g/ml 


Solution 
containing 0,5 
mg/ml of cystein 
hydrochloride 


paracetamol 
codein 


0.0082 g/ml 
0.00042 g/ml 


0.0081 g/mi 
0.00042 g/ml 



5 
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There is noted the lack of color development one one hand and 
excellent preservation of the active ingredients atter heat treatment sterilization 
on the other hand. 

EXAMPLE VII 

Biological tolerance to the preparation 
7.1 Hematological tolerance 
Tested solutions 



Ingredient 


Quantity 


Paracetamul 


0.1G0g 


Propylene-glycol 


O.Z/U ml 


PEG 400 


0.360 ml 


Nitrogen q.s.f. 


purging and filling 


Water for injection 


q.s.f. 1000 ml 



The solution pH was not adjusted. The apparent pH is 7.6, 
corresponding to an actual pH of 6.5. 

Whole human blood is incubated with the solution under study, in equal 
proportions by volume. 2 ml were drawn at 10 minutes intervals and 
centrifuged for 5 minutes at 5000 rpm. 100 pi of the supernatant were diluted in 
1 ml of distilled water. The absorbance of this solution was determined against 
a water blank at 540 nm, peak absorption wavelength of hemoglobin. 

The study was run in comparison with a negative control (physiological 
saline) and a positive control (pure water for injection). 

Results 

The absorbances of tine individual solutions after different incubation 
periods are provided in the following tahle - 
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No hemolysis was detected. 



fioli ition 


TO 


10 min 


20 min 


30 min 


40 min 


50 min 


60 min 


Water p.p.i 


2.23 


2.52 


2.30 


2-37 


2.38 


2.33 


2.36 


Physiological 
saline 


0.04 


0.05 


0.05 


0.05 


0.04 


0.05 


0.04 


Sol. Tested 


0.09 


0.19 


0.27 


0.25 


0.24 


0.24 


0.25 



@!032 



7.2 Muscular tolerance 
Solution tested 

5 



^7 


Ingredient 


Quantity 




Paracetamol 


0.160 g 




Propylene-glycol 


0.270 ml 


«fi 


PEG 400 


0.360 ml 




Nitrogen q,s.f. 


purging and filling 




Water for injection 


q.s,f. 100U ml 



The pH of this'solution was not adjusted. Apparent pH is equal to 7,6. 

Sprague-Dawley rats, weighing between 260 g and 450 g were 
anesthesized with an i.p. injection of ethyl carbamate (2 ml/kg of a 50% 
io aqueous solution). The extensor digitorum longus muscle was dissected from 
the right or left hind leg, and placed in buffer medium having the following 
composition : 



Ingredient 


Quantity 


Sodium chloride 


6.6 g 


Potassium chloride 


0.4 g 


Dextrose 


1-0 g 


Sodium bicarbonate 


2.2 g 


Phenol red (sudium salt) 


0.005 g 


Distilled water q.sf 


1 liter 


Hydrochloric acid 1 N q.s.f. 


pH 7.4 
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The muscle is transiently fixed to a board and maintained in position by 
tendons. The test product was injected in an amount of 15 ul by means of a 25 
ul-capacity Hamilton seringe n° 702. The muscle Is then placed over a grit and 
immersed in the buffer solution kept at 37°C with carbogen bubbling throughout 
the Incubation period. At 30 minutes Intervals, the muscles were inlioduced in 
a tube containing fresh buffer at 37°C. The procedure was repeated 4 times. 
The butter solution hence Incubated Is assayed for creatine kinase activity. 

The study was run in parallel with : 

- muscle alone not subjected to Injection (Wank) 

- needle alone (introducing the needle without product injection) 

- physiological saline 

Triton X-100 solution (negative controls) 

- solution 20 

solution 20 + paracetamol 160 mg/ml. 
Creatine kinase was measured using a Hilachi 704 model analyzer in 
conjunction with a reagent kit sola" under tradename high performance Enzyline 
CK NAC 1 0 (Biomerieux). 

Results 

The creatine kinase activity (IU/I) of the individual solutions after 
variable incubation periods are provided in the table given hereinafter ; 



Solution tested 


30 min 


b'O mm 


90 min 


120 min 


Total 


Musde alonft 


23 ±6 


24+12 
33 + 10 


15±7 


13±S 


75 


Needle alone 


35 + 6 


20 + 4 


18 + 7 


108 


Physiological 
saline 


30 J. 6 


10 + 12 


17 + 6 


23 ±4 


100 


I nton-X 


1802 + 2114 


1716 + 978 


155 + 89 


289 + 251 


14962 


SOutionf 20 
(exdpients) 


71 ±24 


89 + 40 


39 + 27 
68 ±63 


62 + 39 


261 


Solution 20 + 
paracetamol 


141 ±40 


150 + 60 


34 ±24 


393 
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No necrosis signs were recorded using the composition according to 
the invention as no significant difference between the results of test and 
excipient solutions was noted. 



